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The nutritional state of parenchymal cells
depends to a large extent upon an adequate
exchange of materials across Vascular mem-
branes. The mechanism of fluid transport was
adequately described by Starling (1) who
conceived it as due to an interplay of osmotic
and hydraulic forces. The osmotic gradient
across Vascular walls is ascribed to the presence
in the Vessels of blood proteins, notably al-
bumin, which normally do not cross the Vascu-
lar barriers. This gradient tends to draw water
into the vessels. The hydraulic gradient, de-
pending as it does on the difference between
the intravascular pressure and the so-called
tissue pressure, normally counteracts the os-
motic pressure gradient.
In inflammation, blood proteins pass into
extravascular spaces, reducing the osmotic
gradient across the vascular Walls. This leaves
the hydraulic pressure gradient virtually un-
opposed, with the result that fluid accumulates
in the tissue, producing edema. Fluid extrava-
sation is gradually reduced by the constantly
increasing tissue pressure (2, 3, 4) Which lowers
the hydraulic pressure gradient across the vas-
cular walls. Eventually the hydraulic pressure
gradient reaches the level of the osmotic gradi-
ent and a new steady state is established.
Present-day concepts (5, 6) employ the notions
of fugacity and chemical potential gradients of
Water, abolishing the distinction between hy-
draulic and osmotic forces.
Edema is known to enhance connective tissue
proliferation, but may also be associated with
ulceration. Although both of these effects point
to an altered nutritional environment of the
parenchymal cells, an examination of the various
hemodynamic parameters does not indicate
whether the steady state Which characterizes
the transendothelial exchanges of edematous
tissue results in an altered nutritional flow
across the vascular walls. Since previous in-
vestigations of the acute inflammatory reac-
tion (7, 8, 9) suggested a possibly facilitated
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transendothelial exchange of materials and, con-
sequently, a more favorable nutritional en-
vironment of parenchyrnal cells, studies were
undertaken to determine the rate of clearance
of a small molecular weight isotope (10) from
both normal and edematous skin. The findings
indicate that the rate of clearance is signifi-
cantly faster in the presence of histamine-
induced edema.
MATERIALS AND METHODs
Twenty-one normal subjects of both sexes, aged
twenty to thirty years, participated in this study*.
NaI' (1.5—2 microcuries in a volume of 0.05 ml)
was injected intradermally either on the flexor
or extensor surface of the forearms. The radio-
activity of the site was monitored with a scintil-
lation counter coupled to a rate meter and re-
corder. When both edematous and normal •skin
were tested, the sites were located symmetrically
on both arms. Prior to injecting one of the sites,
histamine was introduced into the skin for three
minutes by iontophoresis (0.5 milliampere/cm2).
Five minutes were allowed to pass between the
end of histamine iontophoresis and the intra-
cutaneous injection of the radioisotope to allow
the edema to develop. The disappearance curves
were transferred onto semilogarithmic paper and
the results expressed in terms of t112
REsULTs
Table 1 presents the results of thirty-eight
determinations of t112 performed on our sub-
jects. Comparison of the average t112 of normal
and edematous skin showed that these do
not differ significantly from each other. How-
ever, in sixteen subjects in whom both normal
and edematous skin was studied, the "t" test
applied to paired data revealed a statistically
significant difference (P < 0.02). This finding
indicates that within the limits of the experi-
mental situation the nutritional flux in the
edematous skin is greater than in normal
skin.
DISCUSSION
Iodide ions disappear from skin depots
mainly by way of blood vessels (11). The
faster clearance from edematous skin found in
* I wish to thank Mr. Gunther Seefeldt and
Mr. Leonard Winograd for their assistance in this
study.
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Table I. Disappearance of Na i's' from the Skin of In a related investigation, the admixture of
histamine or histamine liberators was shown to
Healthy Subjects
subject sex norr?isku; mT0u5 difference
(minutes)
delay the appearance in the blood of a sub-
stance injected into the skin (13, 14). It is not
clear whether this effect is due exclusively to
FS M 4.8 3.9 +0.9
LW. M 3.9 3.8 +
M.R M 5.4 4.2 + 12
the action of histamine on the smooth muscle
cells of the small blood vessels, or to the super—
imposition of a net osmotic flow (15). In our
study, the radioactive tracer was injected into
W.E. M 5.0 4.1 +0.9 sites in which edema was presumably fully
R.W. M 4.4 4.8 -0.4 established, although in a number of cases, as
L.W. M 4.0 3.8 +0.2 suggested by the t112 values of the table, the
R L M 4 8 5 7 -09
SB. F 3.7 4.35 -0.65
isotope may have been injected prematurely.
An interesting aspect of this study is that
although consideration of the hemodynamics of
C.B. F 6.4 5.3 + 1.1 inflammation indicates a diminution of the
D.B. F 5.6 5.3 +0.3 magnitude of forces acting across endothelial
T L F 4.7 4] +0.6
.JF F 43 35 +0.8
&S. F .3 4.0 + 1.3
membranes, actual measurement shows a faster
rate of absorption from edematous skin. This
unexpected feature results from the circum-
stance that gross osmotic and hydraulic gradi-
G.R. F 4.4 4.1 +0.3 ents provide only a physical framework within
J.V. F 3.8 3.4 +0.4 which physiological regulation occurs. Trans-
C B F 7.1 5.8 + 1.3
S B. F 6.0 not det..
F.M. M 5.0 not det.
endothelial exchange appears to be regulated in
the main by changes in the tone of the vascular
.
smooth muscle, notably that of the precapillary
sphincters. This regulation involves both the
K.S. M 7.4 not det. filtrational and diffusional components of trans-
D.M. M 4.7 not det
G.E. M 5.2 not det.
port. In the first case, it modulates the mag-
nitude of the intravascular pressure, determin-
.ing the absolute value of the transmural
D.K. M 4.2 not deL hydraulic pressure gradient (16). Since the
S 110 I 70 IS 745 osmotic pressure gradient remains relativelyinvariant, a given vessel may rapidly switch
M 5.0 4.38 0.466 from filtration to absorption or vice versa in
I 0.739 0.66 response to local stimuli. The diffusional com-
SEM 0.213 0.185 0.165 ponent of exchange is equally affected by the
= 2.8 23
activity of the precapillary sphincters, since
closure or opening of capillaries may materially(P(O.021 affect both the total endothelial surface area
which is available for transport, as well as the
this study is striking in view of the lowered mean diffusion path between a parenchymal
transendothelial osmotic and hydraulic gradi- cell and an open capillary. Additional, and as
ents which characterize this state. This finding, yet poorly understood, regulatory activity
however, applies to an acute and transient probably resides in the frequency with which a
form of edema, as was produced in this study given vessel serves in an absorptive and filter.-
with histamine, and may not apply to chronic ing capacity and in the relative duration of the
edema, such as is found in infection, where two phases.
formation of thrombi in and outside the Adequate tissue nutrition appears thus to
vessels may diminish the endothelial area depend largely on physiological regulation of
available for the passage, as well as the total transendothelial exchange rather than on the
blood flow (12), or to edema of other origin limiting values of osmotic and hydraulic forces
(11). which operate across the vascular walls.
= 0.494
(P> 0.6)
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SUMMARY
Clearance of intracutaneously injected NaI1'
is faster from edematous than from normal
skin. This finding indicates that physiologic reg-
ulation is able to compensate for greatly re-
duced transendothelial hydraulic and osmotic
gradients and maintain an undiminished nu-
tritional exchange.
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